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Abstract 



The 1986 sebre^ from the SSAT- a m f n i mum-competehcy test 
required for h f gh- school graduat J on^ the State of Florida* were 
placed on the s^aje of the 1984 scqreo from that test using five 
di^fferent equat i ng procedures. The resu 1 ts were compared, as 
wel l as the_ computer costs. Also the results fro six different 
lengths of anchor_jtems_ were compared. The different equating 
methods yielded j/^ry similar results. They would be essentially 
equally sat i sf actorj^^ i n t h| s situation in which the tests were 
made parallel in d i f f i cu 1 ty ^nd contenj; item by item and the 
groups of examinees were population cohorts separa^ by only two 
years. Gomputer costs fojr the 1 J near method were the least — one 
tenth the cost s of the most expensive which was the concurrent 
IRT method. Ah anchor of 10 items provided equating as effective 
as 30 items using the concurrent IRT method. 
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EQUATING MINIMUM COMPETENCY TESTS: COMPARISON OF METHODS 

In this research project t wh f ch cbmpr i ses_ the first two 

investigations described under Phase Two oh page 38 of the report 
by_H i i i s and Beard of 1 984__eht i t l^ed I n vest i gat ion of the 

Feasft )i 1 i tv of Us i nq the Three Parameter I RT Model 4n F4br4^^ 
SttJdent Assessment Prbaram t we _stcidi'ed whether a vai 1 able equating 
prbcedures differ appreciably |n thei^r results and which 
procedures, shbul d be recommended for routinr- use based oh 
quality* efficiency, and economy. We al so evaj uated whether any 
anomal ies arise due to the fact that the Statewide Assessment 
Tests are minimum competency tests and thus have extremely skewed 
distributions of scbres- 

bf the many equating metoiods that might have been examined, 
the linear method haspreviously been used w iththi s test (Beard, 
Julian, & Subhtyah, 1985)i and was included here. Equipercent i 1 e 
equating, in which scores are considered equivalent if they 
represent the same percehti1_e rank* was not included in this 
study for three reasons. First* if moments^ of the score 
distributions above the second (i.e., skew and kurtosis) are 
equal, this method gives the same general equating relationship 
as the linear method, which is based on the equation of a 
straight 1 ine. Fbr_these data* the skew and kurtosis were very 
similar on the two forms^ Second, Lord (1982) has shown that for 
data sets Which have similar score d i str i bxij: i on^ss the 
equ i percent i 1 e methbd has a cons i derabl y larQer standard error 
than the 1 i hear method. Third* the linear method does not 
involve the sub ject i v i ty of curve fitting which is part of the 
equipercent i 1 e method. Thus* when both the linear method and the 
equipercentile methbd are appropriate, the linear method would 
automatical ly be preferred. 

Use of the one-parameter (Rasch) I RT model for equating has 
been studied by several authors (Skaggs & L i ss i tz* 1986). A 
synthesis of these, studies indi_cate_s that pr^edures based on the 
Rasch mode 1 are effect 1 ve in hor i zonta 1 equati ng where ''the data 
are reasphabjy reliable* tests are nearly equal in difficulty* 
and samples are nearly equal in ability*' (p^ 523)^. Furthermore* 
this method i s the simplest of the I RT based procedures. Thus* 
it was included in this study. 

Severe 1 prbcedures based on the ^^nee-parameter I RT model 
were included fbi^ contrast with those based on the linear and the 
one-parameter jRT models. One procedure* iRTCON^ estimated the 
item parameters of both test forms^ in a single analysis. 
Another^ IRTFIX* fixed the b paranieteri q^^^ anchor items at 
their 1984 values, when the 1 986 i tem parameters were estimated. 
The third* IRTFOR* used b parameters from the anchor items in 
1984 and 1986 in a formula to transpose the 1986 scale to the 
1984 scale. 

A number of possible comp I i cat ions m i ght arise when using 
I RT based equating methods with tests such as SSAT-Il. One might 
question whether the data from the SSAT-II test are sufficiently 
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un fdf mens fona2 for any Trt model to be usefui. The mathematics 
f'2'='^^°'"'"«" lcatf ons test s , were nbt desi§hed to be homogeneous. 
Each or them fs composed of separate small sets of items on 
applications of supposedly distinct basic skills. However^ 
r??®"*^*"^y (Hn Is, Beard. Yot Inprasert. Roca, & Subhiyah, 1985) 
seems to indicate that the communicatons and mathematics items 
each measure one global dimension to a sufficient degree that 
parameter estimates are not seriously distorted. 

Another iDrobl em that could arise from using the three- 
parameter I RT model is the difficulty in estimating the 
probabijity that a fser son of very low ab i 1 i ty will answer very 
easy items correctly. Data for people of such low ability are 
extremely scarce for very easy items becajse the score 
distribution is negatively skewed. In such situations^ cc?mputer 
programs such as LOGIST 5 (Winger sky. Barton, & Lord. 1982) often 
set the c or "psuedo-guessin^" parameters for many items to a 
common va 1 ue i nst ead of est i mat i ng each i ndependent 1 y. Th i s may 
cause the three-parameter model to be ineffective for equating 
these data. 

In spite of these poss i b 1 e^ d i f f 1 cu 1 t 1 es , there may be 
advantages in using IRT related methods for equating provided IRT 
Js also routinely us^d in item analysis and item banking. For 
example, to have a bank of items with known d i scr i m i nat i 6h , 
guessing, and difficulty parameters all based on the same scale, 
should be a tremendous asset in test construction. Not only 
could one select items for a new test Which measure the same 
skill and are of approximately the same difficulty, but items of 
approximately the same d i scr i m i nat i on and susceptibility to 
guessing could be chosen. Further, one might take the approach 
of developing a new form which has the same test information 
purve as the prev i ous f orm. Or one might Use IRT parameters in 
building a test with an information curve optimal for a specific 
function or property (e.g.^high accuracy at the cutting score). 
Thus, by providing substantially more sophisticated test 
construction possj bj j i t i es than classical methods permit, IRT 
methods may offer advantages that outweigh any difficulties 
associated with them. 



Methods 

Three k i nds of cbmpar i sons were made in this study First 
methods^for equating were compared. Five methods for equating 
the 1986 subtests with the 1984 subtests were used, dne of the 
methods used is based on c 1 ass i ca 1 test theory, while the other 
'^f^'^^^J^^^^^^ °^ J-^^"' resp Each equating method 

yielded an equati^ng chart which J isted the 1984 s5bres opposite 
the^r equivalent (equated) 1986 scores in a d i ct i 5nary- 1 1 ke 
manner. Thes^ e^qusting charts or "dictionaries" were translated 
into graphs by plotting the 1986 scores versus the 1984 scores to 
^'^^^^ ' ng cur ves. The curves obta i ned by the var i ous 
methods were then exam i ned in order to compare differences in 
equated scores across methods, particularly at the 5utoff point, 
i-jnaily* the scores on the charts were rounded off to the nearest 
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whole number, and are presented fn Appendix 1 for detailed study. 

_: ___Secbnd, results obtafned from usfhg anchors of different 
s|2es were compared. Iri order to compare the sets of equated 
scores that were yielded by usfng dffferent anchor test sfzes, 
only the Items unfque to each test were placed on the charts. 
Thjs kept the_ length of the tests that were befng equated 
constant at 45 ftems^ whfle the number of common ftems was 
manipulated. 

Ffve common ftems were chosen randomly from the pool of 30 

ayaflable ftemis and analyzed usfn^ the IRteON method wfth the 
unfque ftems. Subsequent ly, another ffve random 1 y- chosen common 
ftems were added to the next analysf^s to make^ a total of ten 
common ftems, and so on untfl all the common ftems were fncluded. 

Each analysfs rjesulted fn a set of equated true scores for 

the 45-ftem tests. The equatfhg chart obtafned by usfng all 30 
common ftems was the standard against whfch the other equatfngs 
were Judged. In order to_ determine how closely an equat f ng agreed 
with the standard, the average absolute difference and the 
standard difference were calculated as fol lowsi 

:_ 1. Each score on the_ 1986 test was subtracted from its 

equivalent 1984 score. Th f s step was repeated for all the 
analyses, resulting fn the ^r\xx\Bry differences, D. 

2. The D values of each run were s^ubtracted from the 

correspond IhgD values of the sjz^ndard run (wfth 30 common 
ftems). This yfelded a set of secondary differences, M. 

3l._ Jhe absolute values of the secondary differnces (^s) were 

averaged to yleld_a statistic that Indfcates to what extent any 
equating d 'Offered from the standard 36-common- 1 tem equating. 

4. The secondary differences (Ms) were squared, summed, and 
divided by the number of scores to yjeld a "variance" of these 
differences. The square root 6f_ t h I s var [ance was called the 
standard difference between the equating methods. 

5. The maximum M value in each case was also reported to 
indicate the greatest discrepancy that was found In each 
compar I son . 

Third, the costs of the different equating methods were 
compared. The costs being compared here were based solely on the 
average computer expenditure for the various runs. 
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Egtiat ! ng Methods 

Fbl lowing \s b Br f if description of each of the equating 

methods used in thii study: 

The b 1 hear Method (LINEAR) , 

TJn i s method is widej^y known^ a^ Angoff s Design IV 
{Ahgbff,1984). It |nvb 1 ves ajdm J n i s^^^ with a set of 

common i terns (^jnj::^hor tes^t)^^ t^^ groups of 

respondents. The mean and standard deviation of^ the ccnimon item 
scores f or ^ach group mre cajculated, and the raw scores of the 
two groups are equated using the formula: 



Y= 1— SyH-Hy 

- A ^ ^ - 

where M^ and My are est 1 mat^d jneans and and Sy are the 
estimated stahdaj-d deyj at f^h^s^ f err tests Y and X for the total 
population. This method is based on class^ical test theory and 
uses the difficulties {£► values) of the common items to equate 
raw scores. 



Rasch Model (RASCH). 

_ In this method _of equating, BICAL (Wright, Mead, S BelU 
1980) was used. Firsts the d i fficul ty parameter s (te values) of 
aH the items ojn each test were determfned. Then, the mean b 
values of the comni^on jtems on each test were calculated. 
Subsequent J y, the mean b value of the 1984 test was subtracted 
from that of _ the 1986 test to obtain the additive constant. This 
additive constant js then added to the log abiMties of the 1985 
test to obtain equated^ 1 og^bi 1 i t i^s f or the 1986 J:est (i.e.t the 
1986 test is put on the_scaje of the 1984 test). The raw scores 
corresponding to the equated log abilities were considered 
equivalent, and put on the equating curves and charts. 



Three-parameter IRT^^ Concurr ent Me thod f FRTCQW^ . 

_^_T^e data were treated as if there were 6000 .respondents to 
whom all the items in both the 1984 and_ the 1986 tests were 
administered. The items unique to the 1986 test were coded "not 
reached" for t.ie^_1984 respqndentsr while the J terns unique to the 
1984 test were coded "not reached" for the 1986 respondents. This 
set of data was ana^l yzed using LOG I ST 5 (Winger sky. Barton* & 
Lord, ^982)^,^ automatically pjacing the 1984 and 1986 ability and 
item parameter estimates on the same scale (Cook & Eignor* 1985). 
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True scores that correspond to selected ability (theta) 
levels were calculated for each year by using the formulas 

n 

Qj = S Pi <ej > 
i=i 

where Qj i s the true score. Pi is the pr obab i 1 i tyof the 
respondent getting the item right, and i s the estimated 

ability level (Hambletbn & Swaminathan, i985, P.212). The two 
sets of true scores are then consider! ; equated approximations of 
raw scores (Lor d _& W i ng^r sky • 1983), and _plqtted onto the 
equating curves. Subsequently, they were rounded off to the 
nearest whole number and placed on the equating charts, 

T^ree-parameter^ IRT; Fixed-parameter Method (I RTF IX) . 

In this method the 1984 data* alone, were analyzed using 
LGGIST 5 and item parameter estijnates were obtained. T^ien, the 
i^86 data were analyzed using LOGIST 5* but with the difficulty 
parameters for the common items fixed to the values obtained in 
the first anal ys i s i .e., to their "bank" values. This procedure 
fixes the 1986 scale onto the 1984 scale. It should be noted that 
this method relies heavily on the assumpt foh that the estimated 
item parameters are invariant across groups. True scores are 
then obtained and treated as in IRTGON. 

T hr ee -par ameter IRT; Formula Method (IRTFOR) . 

_ The 1984 and 1986 data were_ separately analyzed using LOG I ST 
For each year, this mean and standard deviati^on of the b-values 

for the common items were calculated. Then the two scales were 

equated by using the fol lowing formulas (Hambleton & Swaminathan. 

1985, p. 222) for fixing the discrimination (a) and difficulty 

fb) parameters: 

bv = ctbx: + p 



where; £x = Sv/Bx and P = y — ax 

true scores were obtai^ned and treated as in IRTCON to obtain 
the er^uating curves and charts. 

I nstruments 

The communjcat ions and mathemati^cs subtests of the SSAT-II 
for the years 1984 and 1986 which were_used in thjs investigation 
consist of 75 items each. All of the |tems were mu 1 1 i pi e choice 
with four alternatives. No attempt had been made to construct 
these tests so that they would be unidi_mensional. However, the 
fact 'that separate scores were reported f or commun i cat i ons and 
mathematics could be expected to produce reasonably 
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unfdf mensfonal tests (fitLLs. _Beardi Vot f nprasert ♦ Rbca, and 
SubhJyaK-. 1 985). For a jleta f [ed description of the tests* see 
Florfda Statewide Asse'ssment Program (1985). 

As described earl fer, the yearly versions of each subtest 
were rather s t m f 1 a r f n con t ent a s well as fh statistical 
properties. Table 1 presents descriptive statistics for each of 
the subtests. Thirty items were common to the 1984 and the 1986 
versions of each subtest; 

Tabl G Descr ipt ive Stat i sties of SSAT- 1 1 Tests 



Mean SD Kartosis Skew F?elative 

Mean 



Communications, 1984 


67.2 


8.6 


4.7 


-2.0 


.896 


Communications, 1986 


67.6 


8.0 


7.4 


-2.4 


.901 


Mathematics* 1984 


60.0 


11.1 


0.1 


-0.9 


.800 


Methematics, 1986 


62.0 


10.5 


1.1 


- 1.2 


.827 



* Relative Mean = Mean divided by maximum possible raw score. 



Samp 1 e 

For each year, a random samp 1 e of 3000 respondents who had 
taken both the communications and the mathematics subtests was 
selected. These subjej:ts were enrolled in grades nine to eleven 
of schools in Florida. The two samples represented cohort 
populations who passed through the educational system in Florida 
two years apart and were thus expected to be very similar in 
Performance patterns on the SSAT-II. The desCriptiVt? statistics 
of the raw scores obtained by the two samples on th^ common items 
of each subtest presented in Table 2 illustrate this simi larity 
between the two groups. 
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Table 2^. Stat t sH cs of R&w ScorMe^ on Commbh j^ms of the SSAT-I^ 



Test 



Mean 



SD 



Relative Mean* 



eommun f cat 1 onSf 1 984 
Gomman i cat i 6ns » 1 986 
MathematicsT 1984 
Mathematics, 1986 



26c3 3.8 

26.6 3.6 

24.5 4.3 

24.8 4.4 



.877 
.887 
.817 
.827 



•Relative Mean = Mean divided by number of common items. 



Results 



Because 



of the lack of an absolute for evaluating the 

different me'UTOdSf the 1 i near equating results were used as the 
base for camper i son. These results are presented in a series of 
graphs comparing the j/aj" i ous equjit i ng methods for both the 
communications and the mathematics tests. More detailed lists are 
provided in Appendix 1 with each table containing a chart of the 
equated va 1 ues. 

Sommun i cat i ons Squat ing 

^First v/e_ shal 1 examine tjie results from the cbmmunli^at ions 

tests. I^__Figure J^, J;he graph shows virtually no difference 
between the RASeH method and the LINEAR method especially in the 
region of the cuJ:oJ=^^f score where they give identical results. 
The only apparent discrepancy between the two methods was at the 
lower e :treme. 

Figure 2, which contrasts the results of three I RT based 
equating methods, JRTeON, IRTFIX, and IRTFOR, shows that two of 
these methods of ej^ujit ing provide very similar results. The 
I RTFeR and I RTCON met hods are w i t h i n one ppj ht of each other 
throughout tPie range of scores, as can be verified in Appendix 1. 
in cohtrest the I^RT^FIX method deviates considerably from the 
other two methods between the scores 25 and 60 on the 
commuhi cat ions 84 test. 



Figures_3, A^^nd 5 show the re 1 at f onsh I fb of the LJNEAR 

method to each of the three I RT based methods. Both the I RTF0R 
and IR^eON results are extremely close to the LINEAR ecjuating 
results, with the I F?TebN results being virtual ]y indistin- 
guishable from those of the LIMEAR. At the cut-off score of 56 oh 
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Figure 1. Comparlsbh between the.RASCH and the LINEAR methods 

In equating communications tests 
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Ftejure 2. eompsrl sbns among IRTCONi I RTF IX * and I RTFOR methods 

fh equating comrhuh 1 cat 1 ons tests 
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Figure 3; Gompartson of LINEAR and |RtFeR methods fn equating 

common f cat i ons tests 
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Flgtire 4. Cbmjaartson of LINEAR arid IRTCON methods fn equating 

communications tests 
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the common ! cat ! on 84 test f bot h methods d f fTer f-rom^ the J. I 

meJbjTod by one pofnt. The I RTF IX method^ re suites ^je v^f at e 

substantially -From the LINEAR results between the scores 25 and 
60. At the cutoff score they dfffer by only t^^^^ A maximum 

df screpancy of slfghtly less than three pofnts between the IRTFIX 
and the LINEAR methods occurs at the score of 41 on the 84 test. 

Note that all three IRT equat f ng methods using the three- 
parameter model do not equate the tests over the entire range of 
raw scores. This :s because they equate t£ue s core s whose lower 
limit is restricted by the c-parameter s. This lower limit 
(asymptote) is usually greater than zero^ hence the discrepency 
between the ranges found in the LINEAR and IRT based methods. 

^a themat i c s Equat i ho 

Turning to the mathematics tests, we find a different 
pattern in the behavior of the three I RT-_r e_l ated equating 
methods. In Figure 6t we see that it is the IRTFIX and IRTCON 
methods which coincide. As can be verified in appendix 1* 
between the scores 19 and 52 on the mathemat i cs 84 test, these 
two methods proyi de essentially identical results. In contrast to 
the commun i cat ions test s, here i t i s the I RTFOf? method whi ch 
deviates substantially from the other two between the scores 40 
and 75. 

In Figures 7 and 8 it can be seen that the results of the 
IRTFIX and IRTCON methods are in very close agreement with those 
of the LINEAR method throughout the range of equated scores. At 
the cutoff score of 47 on the mathematics 84 test, both methods 
differ from the LINEAR method by only one point. Although the 
IRTFOR results in Figure 9 agree with the LI NEAF? results between 
scores 25 and 40, they deviate appr ec i ably for the remainder of 
the score range. At the cutoff point the IRTFOR and the LINEAR 
results differ by one point. They differ by a maximum of almost 
three points at the score of 60 oh the 84 test. 

Finally, it can be seen in Figure 1 0 that the ohe-parameter 
based (;RASCH) method gives results consistent with the LINEAR 
method in the mathematics tests, repeat ing its performance on the 
commun i cat ions tests, though with a little greater deviation as 
s core s be come 1 owe r . 

The inconsistent bejiavipr of _the three JRT based, methods 
ci early agrees with the findings of Cook and Eignor (1985)_._ As 
in their study, it appears from these results that the IRTCON 
equating method provides the most consistent results when 
compared with LINEAR methods. 
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Ffgure 6. 
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Compar i son 



of LINEAR and I RTCON methods in equating 
mathematics tests 




Ffgare 9. 



Gompar f son 



oF LINEAR and IRTFOR methods fh equating 
rhathemat f cs tests 
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Anchor LenMth 



The results pertaining to anchor test length are displayed 
in Table 3 Using five anchor items to equate the tests resU Its 
in a mean absolute difference of 0.934 and a maximum difference 
of 3.0. This maximum occurs at the theta value of - 0.2. 
The smallest mean absolute difference is found using ten anchor 
items. The mean is 0.197 With a maximum difference of 1.0. 
Surprisingly^, as more than 10 anchor items are used, the mean 
absol ute difference does hot decrease. When twenty ahchor__i terns 
are used, the mean absol ute d i fference i ncreases to 0.377. The 
standard dev i at i on of t he abso 1 ute d i f f erences remains fairly 
constant for the different equatings using ten through twenty 
five anchor items. 



Tafe^Ve 3 . 


Statistics Comparing 
on Equating SSAT- 


the Effect of 
■ 1 1 Mathematics 


Anchor Test Size 
Scores using IRTCON 


Anchor 
Test 
Size 


Meah 
Absol ute 
D i fference 


SD of 
Absol ute 
Di fference 


Maximum 
Abiolute 
b i fference 


5 


.934 


.793 


3 


10 


. 197 


.401 


1 


15 


.344 


.479 


i 


20 


.377 


.489 


i 


25 


.245 


.434 


i 



Computer Coste 

The average costs of computer runs used to analyze the data 
are presented in Table 4. AJ 1 of tJiese analyses involved 3000 
records with the exception of the IRTCON analyses Which analyzed 
6000 records in one run. Although IRTCON appears to be the most 
expensive procedure to run, it_ takes oh ly_ j>ji_e aha 1 ys i s to get the 
equating results, whereas I RT_FOR and IFITFIX each requires two 
analyses, one for each year. If, however, equating is done every 
year,_then results of previous years can be used^ and only one 
new I RTF IX or IRTFOR analysis would be required each year. 
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Tab4e 4. Coftiput^r Analvs i s Costs for Various Equat i ng Program s> 

_ _ Cost 

Model Program Range 



LINEAR 






$ 2-5 


RASCH 


BICAL 




$ 5-10 


I RT FOR 


LOG I ST 


5 


$30-50 


I RTF I X 


LOG I ST 


5 


$30-40 


I RT CON 


LOG I ST 


5 


$50-70 



* Program LINE was used wfth permission from Dr. J. G. Beard 
of the Florida State University. 



Conclusions 

As it turns out, npne? of the methods could be clearly chosen 
as "best" in this situation. Despite extremely skewed 
distributions* aj 1 th>e methods gave similar results. These tests 
are so near 1 y "c 1 as s i ca 1 1 y parallel" JGul li kseh* 1950) that 
little or ho eguatihg is necessary. The li near method was least 
expensive, so it might WCU be used as the preferred method at 
least until such time as I RT techno 1 ogy i s adopted for the ent i re 
test development and analysis procedure ^or this testing program. 
At that time it might be sound to use I RT equating even though It 
is relatively more expensive. The total amounts of money 
involved are very small compared to the other costs of the 
testing program. Among the IRT procedures, IRTCGN was the most 
consistent and would be p»ref erred. 

The number of common or anchor items that must be used in 
equating these tests is JnterestJng. The tradition, developed by 
Angbff in equat i h^_ the Col lege Board's Scholastic Aptitude Tests 
{Don Ion and An^off * 1971) i s to use ah anchor consisting of ZO 
items or 207. of the number of items in the test, whichever is 
larger. WihgersRy and Lord (1984) and Raju, et a1. (1986) have 
Indicated that in usihj the three-parameter IRT model , as few as 
5 items might be sufficients We found that using the three- 
parameter model and the I RT£GN procedure 16 randomly-chosen 
anchor items was an adequate number. This indicates that in 
using the Jbhree-parameter IRT method of equating, the designers 
of these tests could reduce greatly the number of common items 
and thereby increase the le^/el of "security" of the test. (Notice 
that this result does not apply to any other method of equating.) 

The results of this study are encouraging to those who wish 
to equate mini mum-cbmpetency tests which are given repeatedly* as 
in a state-wide testing prbisram or in a situation Involving 
pretesting and posttesting to evaluate quality of Instruction. 
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Howeyepjt It must^ b^reco9n\zed thet these m 1 h Imum-competehcy 
tests were const racted in a somewhat^ u^nu^s^ua 1 way^ The content 
was d Wj ded i nto skj n aj-ea^^ Witjnin_each s^k i area each intern 
for a new 5orm was chosen to have as nearly as^ possible the same 
E ya j ue (proport i on correct ) as the ft em be i ng r ep 1 ^ced. Such a 
test constructjon procedure resu 1 ted f n h 1 gh l^y para 1 j e 1 tests^ 
but at the cost of wastjng man^ items th^t cannot ever be used 
because their e.^^J^^s .^^ not match the g ya ue o-f any item in 
the or ig f na 1 test form. One must cojnside. whether such an 
extremely high level of paral 1 ej^ism might ^oundty ^e sacj-j f J ced 
to some e»xtejTt in order to be atDle to use more of the ayaMable 
items* with the slack in paral 1 el ism being rectified by means of 
equating,. In such ^ ^ase, the equat i ngpr-qcedure would have more 
to accomplish^ but the cons i^stency of the res^u It s^ front these 
yarded mejzhods suggests that t he a va i j^ab|e methods are quite 
adequate to the task J n a sit^uat|on such as thi s in which the 
populations being tested are very similar from year to year. 
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table 1. 


Equating true 


Scores of SSAT-II 


CorrtfTiLth i cat i ons 2 




THETA 


SCORE 1 


sc6re2 


1 NFD 1 




-3 


32 


32 






-2.9 


33 


33 


S 77 




-2.8 


34 


34 


9.70 


i 0 P9 


-2.7 


35 


36 


10.68 


11.18 


-2.6 


36 


37 


i 1 . 72 


12. 06 


-2;5 


37 


38 


12.81 


} 2 . 92 


-2;4 


39 


39 


is. 95 


13.75 


-2.3 


40 


4 1 


15.11 


1 4 . 55 


-2.2 


42 


42 


16.2? 


15. 32 


-2. i 


43 


44 


17.44 


1 6 05 


-2. 


45 


45 


18*55 


16. 73 


-1.9 


46 


46 


19. 58 


1 7 36 


-1.8 


48 


48 


20. 49 


17.91 


-1.7 


5b 


49 


2 1 . 25 


1 8 . 38 


-1.6 


51 


51 


21 .82 


18. 73 


-1.5 


53 


53 


22 . 18 


1 8. 95 


-1.4 


54 


54 


22.31 


19.01 


-1.3 


56 


55 


22.20 


18.91 


-1.2 


58 


57 


21 .86 


18.64 


-1.1 


59 


58 


21.32 


IS. 22 


-1 . 


61 


60 


20.59 


17.65 


-.9 


62 


6J 


1 9. 70 


16 96 


-.8 


63 


62 


18.58 


16.17 


-.7 


64 


63 


17.57 


15.29 


-.6 


66 


64 


16.39 


14.35 


-.5 


67 


65 


15. J7 


13.37 


-.4 


67 


66 


13.94 


12.37 


-.3 


68 


67 


12.71 


11.37 


-.2 


69 


68 


11.51 


1 0. 39 


-. 1 


70 


69 


10.36 


9 44 


b 


70 


69 


9.26 


8 54 


. 1 


71 


70 


8. 23 


7 . 68 


. 2 


71 


70 


7.27 


6.89 


.3 


72 


71 


6.39 


616 


.4 


72 


71 


5. 60 


5 . 49 


.5 


73 


72 


4.89 


4 « 88 


.6 


73 


72 


4.25 


4.34 


.7 


73 


72 


3 .69 


3 . 85 


.8 


73 


72 


3.20 


3.41 


;9 


74 


73 


2.77 


3 . 02 


1 . 


74 


73 


2.39 


2. 67 


1 . 1 


74 


73 


2. 67 


2 37 


1.2 


74 


73 


1 . 79 


2 10 


1.3 


74 


73 


1 . 55 


I 


1 .4 


74 


74 


1 .34 


i .64 


1.5 


74 


74 


i . 16 


i .46 


1.6 


74 


74 


1 .60 


1 .29 


1.7 


75 


74 


.87 


1 . 14 


1.8 


75 


74 


.75 


i .02 


1.9 


75 


74 


.65 


.90 
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Tabl e 4r. Cohtfnued 



2. 


75 


74 


.57 


.80 


2. i 


75 


74 


.49 


i7i 


2.2 


75 


74 


.43 


.64 


2.3 


75 


74 


.38 


.57 


2.4 


75 


74 


.33 


.51 


2.5 . 


75 


74 


.29 


.45 


2.6 


75 


74 


.25 


.41 


2.7 


75 


74 


.22 


.36 


2.8 


75 


75 


.19 


.33 


2.9 


75 


75 


. 17 


.29 


3. 


75 


75 


. 15 


.26 
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table 2. 


Equating True Scores 


of SSAT-II 


Ma-:hernat f cs : 


i RT CON 


THETA 


sebRE i 


SCORE 2 


I NFOZ 


1 NF02 


-3 


25 


27 


4.71 


4.43 


-2.9 


26 


27 


5.20 


4.91 


-2.S 


27 


28 


5.73 


5.45 


-2.7 


27 


29 


6.29 


6.06 


-2.6 


28 


30 


6.90 


6.76 


-2.5 


29 


31 


7.54 


7.55 


-2.4 


30 


32 


8.23 


8.43 


-2.3 


31 


33 


8.95 


9.40 


-2.2 


32 


34 


9.72 


10.44 


-2. I 


33 


35 


10.54 


1 1 .53 


-2. 


34 


36 


1 1 .39 


12.64 


-1.9 


35 


37 


12.29 


13.74 


-1.8 


36 


39 


13.22 


14.79 


-1.7 


38 


40 


14. 18 


15.77 


-1.6 


39 


42 


15. 16 


16.68 


-1.5 


40 


43 


16. 16 


17.50 


-1.4 


42 


45 


17. 15 


18.23 


-1.3 


43 


46 


18. 12 


18.88 


-1.2 


45 


48 


19.04 


19.43 


-1.1 


47 


49 


19.90 


19.90 


-1 . 


48 


51 


20.66 


20.25 


-.9 


50 


52 


2 1 . 28 


20.50 


-.8 


51 


54 


21 .74 


20.62 


-.7 


53 


55 


2 1 . 99 


20.60 


-.6 


54 


57 


22.00 


20.40 


-.5 


56 


58 


21.76 


20.03 


-.4 


57 


6b 


21 .26 


19.48 


-.3 


59 


6i 


20.51 


18.76 


-.2 


60 


62 


19.56 


17.88 


-. 1 


62 


64 


18.44 


16.88 


0 


63 


65 


17. 2i 


15.79 


. 1 


64 


66 


15.92 


14.65 


.2 


65 


67 


14.60 


13.50 


.3 


66 


68 


13.31 


12.36 


.4 


67 


68 


12.07 


1 1 .24 


.5 


67 


69 


10.89 


10.18 


.6 


68 


7b 


9.80 


9.19 


.7 


69 


7b 


8.80 


8.25 


.8 


69 


7i 


7.90 


7.40 


.9 


70 


71 


7.10 


6.61 


1 . 


7b 


72 


6.39 


5.89 


i . 1 


7i 


72 


5.77 


5.24 


1.2 


7i 


72 


5.23 


4.65 


1 .3 


7i 


73 


4.76 


4. 1 1 


i .4 


72 


73 


4.34 


3.64 


1 .5 


72 


73 


3.97 


3.21 


1 .6 


72 


73 


3.64 


2.32 


1.7 


73 


74 


3.34 


2.48 
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Tabi e 2, Continued 



i .8 


73 


74 


3.07 


2. 18 


1.9 


73 


74 


2.81 


1.91 


2. 


73 


74 


2.57 


i .67 


2. 1 


73 


74 


2.34 


1 .46 


2.2 


74 


74 


2. 13 


1 .28 


2.3 


74 


74 


1 .92 


i .12 


2.4 


74 


74 


1 .73 


.98 


2.5 


74 


74 


1 .55 


.85 


2.6 


74 


75 


1 .39 


.75 


2. 7 


74 


75 


1 .24 


.65 


2.8 


74 


75 


1 .10 


.57 


2.9 


74 


75 


.97 


.50 


3. 


74 


75 


.86 


.44 
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Ta^e 3. Equating True Scores for SSAT-II ebmman i cat ions : iRtFOR 



THETA 



SCORE 1 



SC0RE2 



iNFei 



iNFb2 



-3 

-2.9 

-2.8 

-2.7 

-2.6 

-2.5 

-2.4 

-2.3 

-2.2 

-2. 1 

-2. 

-1.9 

-1.8 

-1.7 



-1 
-1 
-1 
-1 
-1 



6 
5 
4 
3 
2 



-1.1 
1 . 
.9 
.8 
.7 
.6 
.5 
.4 
.3 
.2 
. 1 

. 1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1 . 

1 . 1 



2 
3 
4 
5 
6 



34 
35 
36 
37 
38 
39 
41 
42 
43 
44 
46 

47 

49 

50 

52 

53 

55 

56 

57 

59 

60 

61 

63 

64 

65 

66 

67 

67 

68 

69 

70 

70 

71 

71 

71 

72 

72 

72 

73 

73 

73 

73 

73 

74 

74 

74 

74 



33 

34 

35 

36 

37 

38 

40 

41 

42 

43 

45 

46 

48 

49 

51 

52 

54 

55 

57 

58 

60 

6J 

62 

64 

65 

66 

67 

66 

68 

69 

70 

70 

71 

71 

72 

72 

72 

73 

73 

73 

73 

73 

74 

74 

74 

74 

74 



7.81 
8.49 
9.19 
9.91 
ib.65 
i 1 .42 
12.20 
13. 00 
13.81 
14.63 
15.43 
16.21 
16.94 
17.59 
18. 1 1 
18.49 
18.70 
18.71 
18.53 
18. 16 
17.62 
16.94 
16. 15 
15.27 
14.34 
13.37 
12.38 
1 1 .40 
16.42 
9.47 
8.56 
7.68 
6.86 
6.10 
5.40 
4.76 
4.19 
3.68 
3.23 
2.83 
2.48 
2. 18 
1.91 
1 .68 
1 .48 
i .30 
1.15 



7.29 
8.12 
SiOl 
9.94 
10.90 
1 J .87 
12.84 
13.78 
14.67 
15.52 
16.32 
17.09 
17.83 
18.56 
19.26 
19.91 
20.44 
20.82 
20.97 
20.87 
20.51 
19.90 
19.08 
18.09 
16.97 
15.77 
14.54 
13.29 
12.06 
10.85 
9.68 
8.56 
7.52 
6.56 
5.71 
4.94 
4.28 
3.70 
3.20 
2.76 
2.40 
2.08 
1 .81 
1 .57 
1.37 
1 .20 
1 .05 
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31 



Table 3. Continued 



1 . 7 


74 


74 


i . 0 1 


• 92 


1.8 


74 


74 


. 90 


• 81 


1.9 


74 


74 


.80 


. 72 


2. 


74 


74 


. 71 


.63 


2.1 


74 


74 


. 63 


. 56 


2.2 


74 


74 


.56 


.50 


2.3 


74 


74 


.50 


.44 


2.4 


74 


75 


.45 


.39 


2.5 


75 


75 


.40 


.35 


2.6 


75 


75 


.36 


.32 


2.7 


75 


75 


.32 


.28 


2.8 


75 


« 75 


.29 


.25 


2.9 


75 


75 


.26 


.23 


3. 


75 


75 


.24 


.21 
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Table 4. 


Eauat \ no Tr*rja 




rta Lot icfiiici U 1 C & . 


i DTFOb 
1 rc 1 r \Jt\ 


Ti-IFTA 






1 Nr U 1 


I NrOZ 






29 


4 • o9 


- 

3 , 45 




^ / 




coo 


3.71 


^2 . 8 


?7 




5 ^? 




^2 . 7 


28 


3 1 


6. 47 


4 29 


-2.5 


29 


32 


7 . 05 


4 65 


-2 . 5 


30 


33 


7 . 65 


5 05 


-2. 4 


3D 


33 


8. 27 


5.50 


-2.3 


3 1 


34 


8.92 


6. 00 


-2.2 


32 


35 


9. 59 


6 54 


-1.9 


35 


38 


i i ; 84 


8.37 


-1.8 


36 


39 


12.69 


8. 99 


- i . 7 


38 


40 


13.61 


9.61 


-1 .6 


39 


41 


14.59 


10.20 


- 1 5 


40 


42 


i 5 . 65 


i b 76 

AW. / W 


-1.4 


4 i 


43 


1 6. 78 


A A . W V 


- i . 3 


43 


45 


1 7 . 97 


i i a 1 

A A . W A 


-1.2 


44 


46 


1 % 22 


1 2 2Q 


- 1 . i 


46 


47 


20 . 49 


1 2 74 

A to . / ^ 


-1 . 


46 


48 


2 1 75 


13 16 

A «^ . A W 


-.9 


49 


50 


22 . 96 


1 3 56 

A «J . W 


-.8 


51 


51 


24 . 04 


1 3 92 


-.7 


52 


52 


24.92 


1 4 . 26 


-.6 


54 


53 


25.50 


1 4 . 55 


-.5 


56 


55 


25 . 7 1 


14.79 


-.4 


57 


56 


25. 48 


14. 96 


-.3 


59 


57 


24.81 


1 5 . 03 


-.2 


60 


58 


23 . 72 


1 A 99 


1 


62 


60 




1 4 80 

A *T • W W 


0 


63 


61 


20 . 66 


1 4 46 

A *♦ • *♦ W 


. i 


64 


62 


1 B 88 


1 3 QQ 


.2 


i§5 


63 


1 7 06 

A / . UW 


1 3 iin 


.3 


(56 


64 


15.26 

A «k' • ^ W 


12 7 1 

A «^ . / A 


.4 


67 


65 

w«^ 


1 3 ^5 

A «i' . «^ ta# 


1 1 Q7 

A . • ^ J_ 


. 5 


68 


66 


1 1 97 

A A • ^ / 


11 1 Q 

A A^ . 17 


.6 


68 


66 


1 0 54 


1 n AX\ 


.7 


69 


67 


9.27 


9 6 1 

^ . W A 


.8 


70 


68 


8.17 


8 . 85 


.9 


70 


69 ' 


7 . 23 


8.12 


1 . 


71 


69 


6 . 45 


7 . 43 


1.1 


7 i 


70 


5 8 1 


6 78 
w . / w 


1 .2 


7 i 


70 


5 28 

^ . ^w 


6 1 7 


1.3 


72 


71 


4.84 


5.61 


1.4 


72 


71 


4.46 


5.08 


1.5 


72 


71 


4. 12 


4.60 


1.6 


73 


72 


3.60 


4. 16 


1.7 


73 


72 


3.49 


3.75 


1.8 


73 


72 


3. 18 


3.38 
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Tafe»4^ ^* Eontinued 



1.9 


73 


73 


2.88 


3.03 


2. 


73 


73 


2.59 


2.72 


2. 1 


74 


73 


2.31 


2.43 


2.2 


74 


73 


2.06 


2. 17 


2.3 


74 


73 


1 .82 


i .94 


2.4 


74 


74 


1 .61 


i .73 


2.5 


74 


74 


1 .42 


1 .54 


2.6 


74 


74 


1 .24 


I .37 


2.7 


74 


74 


1 .09 


i .22 


2.8 


74 


74 


.96 


1 .08 


2.9 


74 


74 


.84 


.96 


3. 


74 


74 


.73 


.86 
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^ — 1^ 1 — ir 
1 <ZiU 1 G D • 


Equa't 1 ng SSAT- I I 


Cbmmuh 1 cat i bns 


— — _ 

Trae Scores: 


I RTF IX 


THtTA 


SCORE 1 


SC0RE2 


I NFO 1 


I NFb2 




34 


- 

38 


7i81 


7.35 
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42 
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48 


14. 63 


12.49 


-2 . _ 


45 
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49 
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50 
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52 
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59 
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60 
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Table 6. 


Equat f ng S5AT- 1 I 


Mathigrhat f cs 


Ti-ae Scores: iRTFIX 




THETA 


SCORE 1 


SC0RE2 


INFOl 


iNFb2 


-3 


26 


27 


4; 89 


5.53 


-2.9 


27 


27 


5;39 


5.98 


-2.8 


27 


28 


5; 92 


6;47 


-2.7 


28 


29 


6.47 


1 6.99 


-2.6 


29 


30 


7.05 


7.57 


-2.5 


30 


31 


7.65 


8.19 


-2.4 


30 


32 


8.27 


8.88 


-2.3 


31 


33 


8.92 


9 . 64 


-2.2 


32 


3^ 


9.59 


10; 46 


-2. 1 


33 


35 


10.30 


1 1 .32 


-2. 


34 


36 


1 i .05 


12.22 


-1.9 


35 


37 


1 1 .84 


13; 13 


-1.8 


36 


39 


12.69 


14.03 


-1.7 


38 


40 


13.61 


14.91 


-1.6 


39 


41 


14.59 


15;75 


-1.5 


40 


43 


15.65 


16.56 


-1.4 


41 


44 


16.78 


17;34 


-1.3 


43 


46 


17.97 


18.09 


-1.2 


44 


47 


19;22 


18.80 


-1.1 


45 


49 


20.49 
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-1 . 


48 


51 


21 .75 
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^9 


52 
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20.63 
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51 


54 
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21.04 


-.7 


52 


55 


24.92 


21 .28 


-.6 


54 


57 
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21 .30 


-.5 


56 


58 


25.71 


21.05 


-.4 


57 


60 


25.48 


20.52 


-.3 


59 


61 


24.81 


19.72 


-.2 


60 


62 


23.72 


18.69 


-. 1 


62 


64 


22.31 


17.49 


0 


63 


65 


20.66 


16.20 
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64 


66 


i8;88 


14.87 


.2 


65 


67 


17.06 


13.55 


.3 


66 


67 


15.26 


12.28 


.4 


67 


68 


13.55 


1 1 .09 


.5 


68 


69 


1 1 .97 


9.98 


.i 


68 


70 


10.54 


8.95 


.7 


69 


70 


9.27 


8.02 


.8 


70 


71 


8. 17 


7.17 


.9 


70 


71 


7.23 


6.40 
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71 


72 


6.45 


5.71 


1.1 


71 


72 


5.81 


5.08 


1.2 


71 


72 


5.28 


4.52 


1.3 


72 


73 


4.84 


4.01 


1.4 


72 


73 


4.46 


3.55 


1.5 


72 


73 
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3.14 


1.6 


73 


73 


3.8b 
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Tabl e 9. Equating S5AT-II Cbrhrnun feat ions Raw Scores: LINEAR 
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28 
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27 
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25 
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17 
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12 
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Table 10. Equating SSAT- 1 1 Mathematics Raw Scores: 1 1 NEAR 
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SCORE 


SCORE 


SCORE 


SCORE 


75 


75 


34 


37 


74 


74 


33 


36 


73 


73 


32 


35 


22 


72 


31 


34 


71 


71 


30 


33 


70 


76 


29 


32 


69 


69 


28 


31 


68 


68 


27 


3D 


67 


67 


26 


29 


66 


66 


25 




65 


65 


24 


28 


64 




23 


27 


63 


64 


22 


26 


62 


63 


21 


25 


61 


62 


20 


24 


60 


61 


19 


23 


59 


60 


18 


22 


SS 


59 


17 


21 


57 


58 


16 


2b 


56 


57 


15 


19 


55 


56 


14 


18 


54 


55 


13 


17 


53 


54 


12 


16 


52 


53 


i 1 




51 




16 


15 


5U 


52 


9 


14 


49 


5k 


8 


13 


48 


58 


7 


12 


47 


49 


6 
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46 


48 


5 


16 


45 


47 


4 


9 


44 


46 


3 


B 


43 


45 


2 


7 


42 


44 
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6 


41 


43 






40 
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39 


41 






38 
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46 






36 


39 






35 
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